Increased understanding of the mechanisms by which stress impacts performance is essential to the design and operation of complex information systems. T h s study represents a test of the hypothesis of Hancock, Szalma, and Weaver (2002) that the attentional narrowing observed under stressful conditions results from spatial and temporal perception drawing on common resource capacities. Although the present results were unable to resolve the specific issue to a satisfactory degree, a novel finding was observed that noise increases leniency in responding. The impact of noise on performance thus depends on the characteristics of the task to be performed, with spatial uncertainty exerting a significant influence on perceived workload.
INTRODUCTION
The distortion of spatial perception under stress was first formalized by Easterbrook (1 959) as resulting from restriction in the range of cue utilization resulting from emotional arousal. This formulation was aimed at explaining the 'inverted-U' hypothesis regarding arousal (including stress) and performance. While the notion of unitary arousal has slowly dissolved, evidence for the narrowing of attention under stress has been experimentally validated (e.g. see Cornsweet, 1969; Dirkin & Hancock, 1984) . Recently, Hancock and Weaver (2003) have argued that the distortion in the perception of time results from the same mechanism as narrowing of spatial perception, and that this narrowing is therefore a general effect of stress on perception of space-time.
It was also argued by Hancock, Szalma, and Weaver (2002) that hypothetically this results from perceptions (and distortions of those perceptions) of spatial and temporal information drawing on common resource capacities. These narrowing effects should be therefore exacerbated in the presence of an external stressor such as noise. In addition to performance effects, perceived workload and perceived stress level should increase when a task requires simultaneous processing of spatial and temporal information. It has been well established that experimental manipulations that impact performance in target detection tasks also influence perceived workload and self-reports of stress in those tasks (e.g., Warm, Dember, & Hancock, 1996; Szalma, 2002) . Performance decrements are often associated with increases in workload (although see Parasuraman & Hancock, 2001; Yeh & Wickens, 1988) , and contexts in which performance declines occur are associated with increases in self-reports of stress (e.g. Matthews et al., 2002; Szalma, 2002) . The present experiment represents part of an ongoing program to test more hypotheses regarding the relation between changes in the perception of spatial and temporal processing under conditions of high stress and workload. Specifically, a target detection task was employed in which the relative strength of the spatial and temporal components was varied, such that these components were processed either separately or in combination. If spatial and temporal processing draw on similar resource capacities, performance decrements should be observed when the two components are combined as compared to tasks in which response on only one dimension is required.
METHOD
Twenty-two females and twenty-two males, at the University of Central Florida volunteered to participate. They ranged in age from 18 to 32, with a mean of 2 1.27 years.
Three tasks were employed in the present study. The order of task performance was counterbalanced. In each task participants were required to discriminate a 2mm diameter 0 from a D and a "backwards-D," which were presented on a background mask of .4 mm diameter white circles on a black background. The tasks differed according to spatial and temporal properties of target detection. The spatial-only task required observers to detect an 0 of brighter illumination that could appear in any one of nine locations on a screen. Thus the spatial-only task presented observers with spatial uncertainty regarding target location. The 'temporal-only' required a temporal discrimination instead of an intensity discrimination, and observers were required to report when they observed an 0 of shorter duration (300 msecs). Non-targets were presentations of an 0 of longer duration (500 msecs), or a D or backwards D of either duration. In this condition however, there was no spatial uncertainty; stimuli were always presented in the center of the screen. In the third task ('combined') the temporal discrimination was combined with spatial uncertainty. Thus, observers were required to detect an 0 of shorter duration that could appear in any one of nine locations on the screen. Note that the number of features in each conjunction search was constant across the three tasks.
The presentation rate was 24 events per minute. In the conditions with spatial uncertainty the participant responded by pressing a key on the numerical keypad, from 1-9, corresponding to the quadrant on the screen in which the target appeared. In the temporal-only task, participants responded by pressing the five key on the numerical keypad. Correct responses occurring within 2.5 seconds of the onset of a signal were recorded as Correct Detection; all other responses were recorded as False Alarms.
For the noise group an 85 &A intermittent white noise was presented via headphones during the three seven minute blocks. The intermittent white noise was composed of ten 4-second) eight 6-second) five %second, and four 10-second durations. The order and times of administration of noise was randomized across each session. The total duration of white noise per task was 2.8 minutes. Observers in the quiet condition also wore headphones to control for the effects of additional stimulation. The ambient sound level in the quiet condition was 64.5 &A.
Three levels of task were factorially combined with two levels of noise to yield six experimental conditions. Participants were randomly assigned to either the noise or quiet condition. Each p articipant experienced each o f the three tasks, and was assigned at random to one of the six possible task orders.
Perceived workload was assessed using the NASA Task Load Index (TLX), self-reports of stress were measured using the Dundee Stress Questionnaire (DSSQ; Matthews et al, 2002) . The DSSQ is composed of eleven scales reflecting the observer's cognitive and emotional states. These include Tense Arousal, Hedonic Tone, and Confidence and Control, reflecting the individual's degree of distress; Energetic Arousal, Concentration, and two kinds of motivation (Intrinsic and Success) which indicate the individual's degree of taskengagement; and Self-Esteem, Self-Focused Attention, and two forms of cognitive interference (Task-Irrelevant and Task-Related) which reflect the individual's degree of worry.
Following the instructions for the first task participants completed the pre-DSSQ, after which they began the first task. Upon completion of each task participants were administered the post-DSSQ and the NASA-TLX, which were administered in a randomly assigned counterbalanced order. This order was repeated after the second and third tasks.
RESULTS
The correct detection and false alarm rates for each participant were used to compute signal detection theory measures of sensitivity (d') and response bias (c) in each minute of task performance. Sensitivity scores were analyzed using a 2 (noise) x 3 (task) x 6 (minutes on task) mixed ANOVA with repeated measures on the last two factors. In all test involving repeated measures factors Box's epsilon was used to adjust the degrees of freedom for violations of the sphericity assumption (Myers & Well, 1995) . A significant effect for task, F(2,68)=6.23, p<.OI, was observed, and a significant effect for time on task was also evident, F(4,181)=2.41, p=.05. All other effects failed to reach significance (p>.05 in each case). Post-hoc comparisons revealed that observers were significantly more sensitive in the temporal-only task (M=7.495) than in the spatial-only task (M=6.458) and the combined task (M=5.943), but that their scores in the latter two tasks did not significantly differ from one another. Sensitivity scores increased over the first three minutes and declined over the last three minutes across all three tasks (M=6. 49, M=7.19, M=6.88, M=6.75, M=6.43, M=6.405 , in each minute respectively).
Mean response bias scores for each noise condition are plotted as a function of time on task in Figure 1 . ANOVA of the c scores revealed that observers in the noise condition (M=-.93) were significantly more lenient in responding than their cohorts in the quiet condition (M=-.43), F( 1,42)=4.98, p<.05. A marginal effect for time was also observed, F(4,173)=2.13, p=.O8, with a trend for conservatism to rise over time. All other effects failed to reach significance (p>.05 in each case). We rejected any artifact based upon order effects since initial analysis showed that scores on the NASA-TLX did not significantly vary as a hnction of the order of task performance. The temporal-only task induced the least global workload, and noise induced higher workload in each task. An ANOVA confirmed these impressions, with a significant main effect for task, F(2, 82)=3.53, p<.05, although the effect for noise was only marginally significant, F(1, 42)=3.57, p=.07. Post-hoc comparisons indicated that the temporal task (M=49.34) induced significantly less global workload than the spatial-only task (M=55.41) and the combined task (M=55.37), which did not significantly differ from one another. In addition to global workload, weighted ratings on the subscales of the TLX were obtained. Due to the pairedcomparison procedure used to obtain the weights, physical demand was excluded from the analysis to meet the independence assumption of the statistical test.
Physical Demand was selected because it contributed least to overall workload (see Warm, Dember, and Hancock, 1996) . A 2 (noise) by 3 (task) by 5 (subscale) ANOVA revealed a s ignificant effect for noise, F(1, 42)=4.30, p<.05, with the noise condition inducing significantly higher workload (M=167.71) than the quiet condition (M=140.97). Significant effects were also observed for scales, F(3, 124)=9.72, p<.OOOI, and a task by scales interaction, F(6,242)=2.45, p<.OS. Separate task by noise ANOVA'S for each scale were computed. Significant effects for task were observed for the Weighted Temporal Demand subscale, F(2, 83)=5.90, p< .01, and post-hoc comparisons indicated that the combined task induced more temporal demand (M=169.30) than either the spatial-only (M=ll8.75) or temporal-only task (M=133.75), which did not significantly differ from one another. In addition, a marginal noise by task interaction was obtained, F(2, 83)=2.67, p=.08, with a trend for noise to induce more temporal demand in the spatial-only task. A significant effect for task was also observed in the Weighted Performance subscale, F(2, 78)=3.61, p < .05, and post-hoc tests revealed. that the combined task (M=89.43) induced significantly less Performance Workload than the spatial-only task (M=127..57). A marginal effect for noise was observed in the Weighted Frustration subscale, F(1, 42)=3.91, p=.06. with noise having higher frustration levels (M=166.82) than quiet conditions (M=9 1.30).
Participant's responses on the pre-and post-DSSQ were used to calculate scores on eleven scales using the formula (post-score -prescore/SD), where the standard deviation use was obtained from a large normative group obtained from Matthews et al. (1999) , except the two motivation scales, for which normative values are not available. For these scales, sample standard deviations were used (Matthews, Campbell, & Falconer, 2001) . Note that preliminary tests revealed that the order of task performance did not exert a significant influence on DSSQ change scores. Separate 2 (Noise) by 3 (Task) ANOVAs were computed for each scale. Significant task effects were observed for Energetic Arousal, F(2, 75)=5.82, pK.01, and post-hoc tests indicated that the temporal-only task (M=-0.44) induced a significantly larger drop in Energetic Arousal relative to pre-task state as compared to the spatial only (M=-0.16) and combined (M=-0.15) tasks, which did not significantly differ from one another. Tense Arousal had a s ignificant main effect for noise, F(1, 42)=3.98, p=.05. Observers in the noise condition reported significantly hlgher Tense Arousal (M=0.74) than observers in the quiet condition (M=0.20). A significant noise effect was also observed for the Hedonic Tone scale, F(1, 42)=6.84, p=.Ol. Participants in the noise condition showed a large decline in Hedonic Tone (M=-0.90) than observers in the quiet condition (M=-0.20). Further, a significant main effect for task was observed, F(2, 83)=3.07, p=.05. Post-hoc tests revealed that hedonic tone was significantly lower after a temporal task (M=-0.67) than in the combined task (M=-0.46), but that change scores after the spatial-only task (M=-0.52) did not differ significantly from those associated with the other two tasks. For Intrinsic Motivation there was a marginally significant main effect for task, F(2, 72)=2.96, p=.07, with temporal-only task (M=-0.67) tending to show greater declines in Intrinsic Motivation than those in the combined task (M=-0.38). However, there was also a marginal Noise by Task interaction, F(2, 72)=3.04, p=.07, which showed a tendency for noise to reduce Intrinsic Motivation, but only in the spatial-only task.
DISCUSSION
Due to a potential ceiling effect in the detection rate itself, the performance data did not provide unequivocal information either for or against the hypothesis of H ancock et al. (2002) regarding the covariation of temporal and spatial distortion. Thus the only difference in sensitivity was observed in the expected superiority of a task without spatial uncertainty. These effects extended to perceived workload, which was higher in tasks with spatial uncertainty, regardless of whether one of the discriminations was temporal or non-temporal. Similarly, both tasks with spatial uncertainty reduced Energetic Arousal and Intrinsic Motivation (in the case of the quiet condition) relative to the temporal task without such uncertainty. As noted, the tasks employed here were very easy, with average d' scores above 5 for all three tasks. It may be that differences in performance would be observed with more difficult discriminations, and efforts are currently underway to investigate this possibility However, two subscales of the TLX and three subscales of the DSSQ indicated that task type had effects on subjective ratings that differed from those described above. Thus, results with the Weighted Temporal Demand scale showed that while spatial uncertainty (spatial-only task) and temporal discrimination without uncertainty (temporal-only task) induced similar Weighted Temporal Demand, combining these features (combined task) increased Weighted Temporal Demand, although a marginal interaction effect between task and noise suggested that this effect may have been stronger in the quiet condition than in the noise condition. In contrast, participants in the combined condition rated their performance as better in comparison to the spatial-only task, indicating a facilitative effect of adding a temporal discrimination to a task with spatial uncertainty. The latter effect accords with the main effect for task observed in the Hedonic Tone scale of the DSSQ, in which observers reported lower hedonic tone after the temporal-only task than after the combined task, regardless o f t he o rder i n which the t asks were performed. Similarly, a marginal effect for intrinsic motivation indicated that the temporalonly task induced greater reductions in intrinsic motivation relative to the combined task. Contrary to expectations, combining the temporal and spatial elements of a task reduced the effects of task stress along these dimensions. Current experimental work will investigate whether these e ffects e xtend to a task in which spatial and temporal discriminations are combined rather than temporal discrimination and spatial uncertainty.
In this study, noise did not impact sensitivity, but it did decrease response bias, indicating a more lenient response bias in the presence of noise. A marginal noise by time interaction suggested a rise in conservatism in the quiet condition and no change over time in the noise condition. These results are consistent with the general view that stress lowers response criteria (Welford, 1973) , but not with the literature on the impact of noise, which indicates that the criterion should increase (e.g. see Broadbent, 197 1) or not significantly change (Milosevic, 1983) . The consensus, based upon the work of Broadbent (1971; see also Poulton, 1978) , is that in long duration tasks, continuous noise induces a rise in conservatism, particularly for responses of intermediate confidence and that in shorter duration tasks noise may serve to enhance performance. However, in this study, which employed a short duration task, no performance enhancement (in terms of d') was observed, and response bias decreased, indicating increased responding in the presence of intermittent noise. Note that in a short duration vigil using similar stimuli to those employed in this study, (Helton, Warm, Matthews, Corcoran, & Dember, 2002) found that continuous jet engine noise improved detections without changing the false alarm rate. A crucial difference between the study of Helton and his colleagues and the current study was the format of noise. In their study, noise was continuous presentation of jet engine noise, while in the current study intermittent noise of variable duration and random presentation times was used. Thus, participants experienced a greater degree of uncertainty regarding when and for how long noise would be present. It may be that it is uncertainty as a source of stress that induces leniency in responding.
The impact o f noise o n observers' state was more pronounced in workload and stress, with participants experiencing noise reporting increases in Weighted Frustration and a marginal increase in Global Workload. Similarly, participants in the noise condition reported more Tense Arousal and lower Hedonic Tone, and in the case of conditions with spatial uncertainty, less Intrinsic Motivation. These effects differ from those of Helton and hls colleagues, who observed that noise decreased the symptoms of stress. In their study, noise decreased the anger/fiustration experienced by observes after a difficult vigilance task, and increased energetic arousal, intrinsic motivation and confidence and control relative to a quiet condition. The findings in regard to the latter three scales indicate an increase in task engagement in the presence of noise. These results represent trends opposite to those observed in this study, despite the fact that the task demands placed upon operators by Helton et al. were substantially greater than those in this study. For instance, the event rate in their study was 57.5 events per min, while an event rate of 24 events per minute was employed herein. It may be that whether noise exerts a negative effect on stress and performance depends on how the difficulty level of the task interacts with the noise presented to operators.
